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(54) [Name of invention] Marking Sheet 
(57) Abstract 

Purpose: Provide a marking sheet with exceptional writing characteristics for repeated note 
taking and erasing. 

Effects of the Invention: 

A marking sheet where at least one surface of a paper base material is given a water base 
coating layer and then a resin cover layer, where the primary components of this resin 
cover layer composition are radiation hardening resin and radiation hardening silicone 
resin and where the Gurley air permeability regulated by JIS S8117 is 1000 seconds or 
more. Furthermore, an anchor layer formed between the water based coating layer and 
the resin cover layer is desirable. 

Extent of claims: 

Claim 1 : A marking sheet wherein: at least one of the surfaces of the paper base material is 
coated with a water based coating and then a resin cover layer that has primary 
components of radiation hardening resin and radiation hardening silicone resin that harden 
through exposure to radiation and that has a Gurley air permeability regulated by JIS 
P8117 of 1000 seconds or more. 

Claim 2: A marking sheet as claimed in claim 1 wherein: the resin cover layer includes 0.5 
- 10 weight % silicone in the composition of this resin cover layer. 



Claim 3: A marking sheet as claimed in claim 1 or 2 wherein: the surface of the resin cover 
layer is a surface obtained by transferring the surface shape of a synthetic resin film. 

Claim 4: A marking sheet as claimed in claims 1-3 wherein: an anchor layer is formed 
between the water based coating layer and the resin cover layer. 

Detailed Description of the Invention 

[0001] 

Utilization in Industry: 

The present invention is concerning a marking sheet, and in detail concerning a marking 
sheet where a marking pen for a white board can be used to take notes and be erased 
repeatedly. 

[0002] 
Prior Art 

A blackboard is known where white or blue chalk can be used to draw and erase 
characters and figures; however, with present blackboards there is the problem that chalk 
dust which is dispersed when characters and figures are erased is inhaled and gets clothes 
dirty. 

[0003] 

As a replacement for blackboards, a note taking surface or so called whiteboard where 
note taking materials called marking pens, for so called whiteboards, that are erasable 
water based or oil based marking pens are used for taking notes on a white note taking 
surface, and are prepared such that the writing can be erased by lightly brushing the note 
taking surface with a dry cloth or soft paper. 

[0004] 

Materials that are non-absorbing, and non-permeable, in other words, plastic boards, metal 
boards, enamel boards and glass boards are used for whiteboards. Whiteboards are 
objects where the surface of this base material is impermeable to the composition of the 
marking pens for whiteboards and that enable note taking through the pigments and other 
components that remain after volatization of water and organic solvents of the ink from the 
surface of the base material. Furthermore, writing of these letters from note taking can 
easily be erased by lightly brushing the writing with a dry cloth or soft paper. The main 
types for this whiteboard are stationary types such as replacements of conventional 
blackboards of similar size, and electronic blackboards with the ability to immediately copy 
notes that have been recorded. Also, various types that are of the form of blackboards 
reduced in size can be seen. 

[0005] 

However, when conventional whiteboards are used, they must be used in the location they 
are installed or a size that is easily portable must be prepared, and often, use near the 
location of the user is restricted. Also, for individual use in school or at home, limitations 
of size, weight, and cost make whiteboards difficult to use as well. 

[0006] 

As a means for resolving these types of issues, use of a whiteboard which has a paper 
based material (called a marking sheet in this invention) can be considered; however, 
compared to use of high integrity metals or enamels that are non-absorbing and 
impermeable, although writing using a marking pen is feasible, erasing is difficult because 
the porosity of the paper base material causes permeability to solvents and dyes, and the 
writing that remains is a critical weaknesses. 



[0007] 

Issue(s) to be Resolved by Invention 

An objective of this invention is to provide a marking sheet that is sufficiently flexible, can 
be used in the same manner as normal paper, is portable, and that enables repeated 
recording using a marking pen for whiteboards and erasing what was recorded. 

[0008] 

Means for Solving the Various Issues 

As the result of earnest research for a method to resolve the above issues, the inventers 
were able to invent the marking sheet of the present invention. In other words, the 
marking sheet of the present invention comprises at least one of the surfaces of a paper 
base material coated with a water based coating, and a resin cover layer that has primary 
components of radiation hardened resin and radiation hardened silicone resin that harden 
through exposure to radiation, and that has a Gurley air permeability regulated by JIS 
P8117 of 1000 seconds or more. 

[0009] 

The marking sheet of the present invention comprises a resin cover layer that includes 0.5 
~ 10 weight % silicone in the composition of this resin cover layer. 

[0010] 

The marking sheet of the present invention wherein the surface of the resin cover layer is a 
surface obtained by transferring the surface shape of a synthetic resin film. 

[0011] 

The marking sheet of the present invention wherein an anchor layer is formed between the 
water based coating layer and the resin cover layer. 

[0012] 

The content of the marking sheet of the present invention is described below. Note, in the 
present invention, the primary resin components that are radiation hardened silicone and 
radiation hardened resin that form the resin cover are just called resin components. 

[0013] 

The marking sheet of the present invention uses paper based material as support. For 
example, marking paper using non woven fabric of a mixture of glassine paper, high quality 
paper, cardboard, pulp fiber and synthetic fiber and the like may be suggested. A water 
based coating layer such as a coating layer or cast layer using water based pigments is 
coated on at least one surface of this paper base material. Any sheet paper using 
ordinary natural pulp as its primary component can be used for the present invention; 
however, calendar processed coated paper that has improved flatness characteristics and 
where the surface of the paper base material is coated with a water based coating layer for 
the purpose of preventing permeation of radiation hardened resin components into the 
support structure are especially effective when used. The water based coating discussed 
herein is a coating formed by coating the support structure with a coating solution obtained 
by dissolving or dispersing at least one or more pigments that are water-soluble 
macromolecules or water dispersible macromolecules, and then drying the coating. 

[0014] 

The paper weight of the paper base material used for the marking sheet of the present 
invention differs based on the type of support structure, for example, for the case of paper, 
40 ~ 250 g/m 2 or more desirably 50 ~ 200 g/m 2 . 

[0015] 

For the marking sheet of the present invention, the expression of the function of recording 



and erasing what has been recorded using a marking pen for whiteboards in a repeated 
manner is enabled by the resin cover layer made up of a mixture of radiation hardened 
resin and radiation hardened silicone resin, and it is necessary that the marking sheet thus 
obtained have a Gurley air permeability regulated by JIS P81 17 of 1000 or more seconds. 
With an air permeability of greater than 1000 seconds, the ink components of the marking 
pen for whiteboards do not permeate the surface of the paper base material surface and 
writing can be performed by the volatizing of the water and organic solvents in the 
components of the ink. If the air permeability is less than 1 000 seconds, as permeation of 
the solvent in the marking pen becomes easier, ink components reach the paper base 
material and writing on the marking sheet becomes more and more difficult to erase and 
the resin cover layer will readily separate from the paper base material. 

[0016] 

Also, erasing of what has been recorded on the marking sheet of the present invention by 
brushing using a cloth or soft paper without damaging the resin cover layer is made 
possible by the effect of the peeling characteristics of the silicone resin included in the resin 
cover layer. Silicone resin that is hardened by radiation exposure in particular can be 
copolymerized with the radiation hardening resin and because carbon to carbon 
unsaturated bonds between acryloyl groups and the like crosslink three dimensionally,, 
even when writing and erasing of entries using marking pens for whiteboards repeatedly, 
the resin cover layer is not easily abraided nor does the resin cover layer easily peel away 
from the paper base material. 

[0017] 

For the percentage of silicone resin in the resin cover layer, it is desirable for the silicone in 
the silicone resin base in the resin composition that forms the resin cover layer to be 0.5 ~ 
10 weight%. If the ratio of silicone is less than this limit, the marking sheet thus obtained 
will have problems with erase ability, and writing recorded using a marking pen for 
whiteboards will not be fully erased through removal from the writing surface by brushing 
using a dry cloth or soft paper. Also, if this limit is exceeded, the marking sheet thus 
obtained will have problems with write ability and if notes are taken with a marking pen for 
whiteboards, the ink will be easily repelled and use as a writing surface for writing notes will 
be difficult, or a reduction in the strength of the resin cover layer, worsening of scratch 
resistance, and a tendency for damage to be more easily caused on the writing surface 
when brushing the writing surface when erasing what has been recorded. 

[0018] 

The marking sheet of the present invention is made up of a 2 layer structure that is layered 
on top of the paper base material in order of a water based coating layer and then a resin 
cover layer. Furthermore, the marking sheet may be a 3 layer construction having an 
anchor layer formed between the water based coating layer and resin cover layer. 

[0019] 

A water soluble macromolecule or water dispersible macromolecule is used as the water 
based coating layer to be coated on the paper base material. As a water soluble 
macromolecule, for example, the following can be suggested. As a natural 
macromolecule or semisynthetic macromolecule, denatured starch chemical compounds 
such as starch, oxidized starch, etherified starch, dialdehydic starch and esterified starch; 
Alginic acid compounds such as sodium alginate and propylene glycol alginate ester; 
denatured cellulose chemical compound such as casein, gelatin and pullulan, dextran, 
chitin, chitosan, gum arabic, funori, natural gum, dextrin, methyl cellulose, ethyl cellulose, 
hydroxy cellulose and carboxymethyl cellulose; and the like can be suggested. As a 
synthetic macromolecule, denatured polyvinyl alcoholic compounds such as fully 
saponified or partially saponified polyvinyl alcohol, acetoacetyl polyvinyl alcohol, esterified 
polyvinyl alcohol and polyvalent carboxylic acid, denatured carboxy polyvinyl alcohol, 



sulfonic acid denatured polyvinyl alcohol, olefin denatured polyvinyl alcohol, nitrile 
denatured polyvinyl alcohol, amide denatured polyvinyl alcohol, and pyrolidone denatured 
polyvinyl alcohol and the like; poly acrylic acid compounds such as polyethylene glycol, 
polyacrylate amide, polyacrylic acid, ammonium polyacrylate and sodium polyacrylate and 
the like; as well as polyvinyl pyrolidone, polyethylene imine, polyvinyl ether and polymaleic 
acid copolymer, and water soluble alkyd resin and the like can be suggested. 

[0020] 

Also, as a water dispersible macromolecule, for example, the following can be suggested. 
Various types of latex with a dispersion of synthetic macromolecules such as styrene - 
maleic anhydride copolymer, styrene - butadiene copolymer, and butadiene - methacrylate 
copolymer in water and the like can be suggested. The water soluble macromolecules 
and water dispersible macromolecules can be used separately or mixed and can be used 
as an aqueous solution. 

[0021] 

All types of pigments can be used in the water based coating layer and for example, 
inorganic pigments such as calcium carbonate, silicon dioxide, titanium dioxide, zinc oxide, 
alumina, magnesium oxide, aluminum hydroxide, magnesium hydroxide, barium sulfate, 
zinc sulfate, kaolin, talc, clay, calcinated kaolin, and calcinated clay and the like; and 
organic pigments such as polyethylene powder, polystyrene powder, urea - formalin resin 
powder and the like can be suggested. 

[0022] 

In addition, various auxiliary agents such as surfactant(s) and antifoaming agents can be 
added to the solution as needed. 

[0023] 

The resin cover layer applied on the water based layer is made up of resin components of 
primarily radiation hardened resin and radiation hardened silicone resin. Note, in the 
present invention, ultraviolet rays and electron rays are collectively called radiation. The 
radiation hardened silicone resin used in the present invention is polysiloxane with a 
functional group selected from acryloyl group, methacryloyl group, vinyl group, epoxy 
group and the like on the molecular end or as a side chain, and specifically is a chemical 
compound similar to those shown in the official bulletins: Japanese published examined 
application S51 -42961, Japanese published examined applications S54-6512, S57-57096, 
S58-53656, S63-18985, Japanese published examined application H05-21070, Patents 
S60-190427, S60-233162, Patents H01-230668, H02-163166 and the like. With product 
names of such as FM071 1 , FM0721 , FM0725, PS583 (hereinafter Chisso (corporation)), 
KNS-50002, KNS-5100, KNS-5200, KNS-5300, KP-600, X-62-7052, X-62-7100, 
X-62-7112, X-62-7140, X-62-7144, X-62-7153, X-62-7157, X-62-7158, X-62-7166, 
X-62-7168, X-62-7177, X-62-7180, X-62-7181, X-62-7192, X-62-7200,X-62-7203, 
X-62-7205, X-62-7931, KM-875, X-62-7296 A/B, X-62-7305 A/B, X-62-7028 A/B, 
X-62-5039 A/B, X-62-504O A/B (hereinafter; Shinetsu Chemical Co. Ltd.), RCI49, RC300, 
RC450, RC802, RC710, RC715, RC720, RC730 (hereinafter; Goldschmidt AG), 
EBECRYL350, EBECRYL1360 (hereinafter; Daicel UCB Company Ltd.). The above 
radiation hardened silicone resins can be used separately or as a mixture of several; 
however, when considering adherence of the resin cover layer to the paper base material, 
transferability of the radiation hardened silicone resin, and reduction of rubbing off when 
erasing what has been written, the resin can be used by itself or mixed with a radiation 
hardened resin that does not have a silicone structure. 

[0024] 

Concerning the radiation hardened resin used in the present invention, any chemical 
compound with unsaturated bonds that can be polymerized by exposure to radiation can 



be used. In other words, chemical compounds with one or more carbon-carbon 
unsaturated bonds such as chemical compounds that have an acryloyl group, methacryloyl 
group, acrylamide group, allyl group, vinyl ether group, vinyl thioether group and the like, 
for example acrylicate alkyl ester, methacrylicate alkyl ester, acrylonitrile, methacrylonitrile, 
acrylamide, vinyl acetate, vinyl propionicate, and vinyl pyrrolidone and the like can be 
suggested. There may be more than one intramolecular unsaturated bond. In particular, 
polyol unsaturated esters, for example ethylene diacrylate, diethylene glycol diacrylate;, 
glycerol triacrylate, trimethylolpropane triacrylate, pentaerythritol tetraacrylate, and the like 
can be suggested. Also, chemical compounds with one or two or more epoxy rings, for 
example glycidyl acrylate, are desirable. In addition, these chemical compounds may 
have high molecular weight structures. Particularly desirable is a chemical compound 
with an acrylate group on a side chain or at the end of the macromolecular chain and a 
prepolymer which has a polyester frame, a polyurethane frame, an epoxy resin frame, a 
polyether frame, or a polycarbonate frame and the like may be suggested. The above 
mentioned monomers and prepolymers can be used separately or mixed. 

[0025] 

Also, in order to homogenize the mixture of radiation hardened silicone resin and radiation 
hardened resin, a surfactant or the like can be added. 

[0026] 

In addition, pigment can be mixed with the resin composition used for the present invention. 
For pigments, inorganic pigments such as calcium carbonate, magnesium carbonate, 
silicon dioxide, titanium dioxide, zinc oxide, alumina, magnesium oxide, aluminum 
hydroxide, magnesium hydroxide, barium sulfate, zinc sulfate, kaolin, talc, clay, calcinated 
kaolin, calcinated clay, lithopone, satin white and the like; and organic pigments such as 
polyethylene powder, polystyrene powder, urea - formalin resin powder and the like can be 
suggested. Also, inorganic pigments that have had surface processing can be used; 
however, for dispersibility with radiation hardened resin, inorganic pigments that have had 
hydrophobic processing are desirable to use. 

[0028] 

Forming an anchor layer between the water based coating layer and the resin cover layer 
of the marking sheet of the present invention strengthens the bond between the water 
based coating layer and the resin cover layer, and therefore forming of an anchor layer 
between the water based coating layer and the resin cover layer is desirable. Radiation 
hardened resin, thermally hardened resin, and solvent hardened resin can be used as the 
resin that can be used as the anchor layer; but, the resin is not particularly restricted. 
Radiation hardened resin is defined to be resin that starts a polymerization reaction and 
hardens by being exposed to radiation. Thermally hardened resin is defined to be resin 
that starts polymerization reaction and hardens by being heated. Solvent hardened resin 
is defined to be a resin that, when coated on the paper base material or the like, must be 
used as a solution with a solvent or dilutent, and after coating, some means to vaporize the 
solution causes the resin to harden. Resin used for the anchor layer is selected with 
consideration for reduction of rubbing off of the writing surface during erasing of what has 
been written, compatibility with mixtures of the radiation hardened resin and radiation 
hardened silicone resin that form the resin cover layer, and improving adherence of the 
resin cover layer to the paper base material. 

[0029] 

With the marking sheet of the present invention, for adjustment of the resin composition 
that forms the resin cover layer that is the writing surface, each component such as the 
radiation hardened resins, radiation hardened silicone resins and pigments can be added 
to a kneader either at the same time or individually. Various types of kneaders are used 
to knead and disperse the compounds. For example, 2 rollers, 3 rollers, a ball mill, a sand 



grinder, a disperser, a high-speed impeller disperser, a high speed mixer homogenizer, 
and the like can be suggested. 

[0030] 

For the marking sheet of the present invention, a method for making the resin cover layer, 
is comprising applying the resin composition that forms the resin cover layer to the top of 
the synthetic resin or the water based coating layer of the paper base material and then 
using the resin composition that has been applied, adhering the synthetic resin and the 
water based coating layer and after causing hardening through exposure to radiation in the 
adhered condition, such that by peeling off the film, a resin cover layer can be formed. 
Furthermore, if radiation hardened resin is used for the anchor layer resin, the resin that 
forms the anchor layer is applied on the water based coating layer and the resin compound 
that forms the resin cover layer is applied on the synthetic resin film and the coated 
surfaces are then overlaid together to cause them to adhere to one another and through 
hardening by exposure to radiation the anchor layer and the resin cover layer can be 
manufactured at the same time. By transferring the surface shape of a synthetic resin film 
to the surface of the resin cover layer, the writing surface of the marking sheet is made flat, 
making writing of notes using a marking pen for whiteboards smooth. For making the 
writing surface of the marking sheet exceptionally smooth, application to both the anchor 
layer and the resin cover layer using this method is preferable. 

[0031] 

As synthetic resin films used for the above method, synthetic resin films such as 
polyethylene film, polypropylene film, and polyethylene terephthalate film, and the like and 
bi-axial oriented polypropylene film or bi-axially oriented polyethylene terephthalate film 
that have good manufacturability characteristics and good thermal resistance 
characteristics are desirable. 

[0032] 

The thickness of the synthetic resin film that is used is 5 - 300 jim but is not particularly 
restricted; however, from a handling standpoint, it is desirable for the thickness to be 10 urn 
or more, and if exposing from the film side with electron rays, from the absorption loss of 
the electron rays standpoint, it is desirable for the thickness to be 150 ^m or less. 

[0033] 

As methods for forming the resin cover layer or anchor layer on the paper base material or 
film, methods using all types of coaters such as a doctor coater, blade coater, air knife 
coater, squeeze coater, a reverse roll coater, a gravure roll or a transfer roll coater, 4 or 5 
roll coaters or a multi-roll coater, curtain coater, extrusion coater, die coater, slide coater, 
lip coater, = i/-e=j — # [YU U KON M AKOOTA] , and micro gravure coater and the 
like can be used. 

[0034] 

As a method for adhering the paper base material and the synthetic resin film using a resin 
compound, a method that has been used extensively is followed, and by causing the 
synthetic resin film that has been coated and the paper base material to go between 2 
rollers at a proper pressure, the adherence can be easily caused. 

[0035] 

Also, the resin composition with primary components of radiation hardened resin and 
radiation hardened silicone resin compounds can be applied directly or mixed with a 
suitable solvent for application. 



[0036] 

The amount of resin components applied differs with the type of paper base material that 
becomes the marking sheet; but is generally 0.5 ~ 30 g/m and more desirably 1.0-10 
g/m 2 . If the amount of coating of the resin components is lower than this limit, it is difficult 
to apply a resin cover layer that is uniform on the paper base material and causes write 
ability and erase ability performance of items that were recorded to deteriorate. Also, if 
the amount of resin components applied exceeds this limit, the characteristics will not 
change but the cost will increase, which is undesirable. 

[0037] 

The amount of anchor layer resin that forms the applied anchor layer differs with the type of 
paper base material that becomes the marking sheet; but, is generally 0.5 ~ 20 g/rrr and 
more desirably 1 .0 - 10 g/m 2 . If the amount of anchor layer resin is lower than this limit, it 
is difficult for the anchor layer to evenly cover the paper base material and adhesion with 
the resin cover layer that forms the writing surface of the paper base material is worsened. 
Also, if the amount of anchor layer resin applied exceeds this limit, the characteristics will 
not change but the cost will increase, which is undesirable. 

[0038] 

As an electron ray accelerator used for electron ray exposure to harden the resin cover 
layer and the anchor layer, the curtain method, scan method and double scan method can 
be used; however, the comparatively inexpensive curtain method through which high 
power output can easily be obtained is desirable. The acceleration voltage of the electron 
rays is 100 - 1000 kV, and preferably 150 - 300 kV, and the amount of radiation exposure 
is 0.5-10 Mrad. If the acceleration voltage is less than 100 kV, the amount of energy 
transmission will be insufficient and if over 1000 kV, the energy efficiency will be reduced 
which is not economical, and if the amount of radiation is less than this limit, the hardening 
reaction will be inadequate and a strong layer can not be obtained. If the amount of 
energy transmission exceeds this limit, the energy efficiency will be reduced as well as 
possibly causing considerable deterioration to the paper base material, which is 
undesirable. 

[0039] 

The direction of exposure of the electron rays can be either from the paper base material 
side or the resin components layer coated side; however, with regards to preventing 
deterioration of the paper base material, exposure form the resin components layer coating 
side is desirable. 

[0040] 

For hardening of the anchor layer or the resin cover layer using ultraviolet light, a 
photoinitiator and/or an intensifier can be used in combination with a resin that forms the 
resin composition or the anchor layer as needed. As a source for the ultraviolet light, a 
low pressure Mercury vapor light, a medium pressure Mercury vapor light, a high pressure 
Mercury vapor light, a Xenon light, or a Tungsten arc light or the like are preferable for use. 

[0041] 

As a photoinitiator for use with ultraviolet light exposure, acetophenones such as di or tri 
chloroacetophenone types, thioxanthens such as benzophenone, Michler's ketone, benzyl, 
benzoin, benzoin alkyl ether, benzyl dimethyl ketal tetramethylthiuram monosulfide, and an 
azo compound or the like may be suggested, and may be chosen from the standpoint of 
the polymerization reaction type of the radiation hardened resin, stability, as well as 
ultraviolet light exposure equipment. The amount of photoinitiator is normally within 0.1 ~ 
5% relative to the radiation hardened resin. Also, there are cases where a storage 
stabilizer similar to hydroquinone is used together with the photoinitiator. 



[0042] 

As the amount of energy using ultraviolet rays is low compared to electron rays, it is difficult 
to harden the entire region of the resin composition layer if ultraviolet rays are exposed 
from the paper base material side, and therefore, it is desirable for the exposure direction 
of the ultraviolet rays to be exposed from the resin composition layer coating side. 

[0043] 

Hardening using electron ray or ultraviolet ray exposure is a reaction using radicals and as 
it is dependent on the oxygen concentration in the atmosphere, replacement using an 
inactive gas such as nitrogen, helium, or carbon dioxide is performed, and it is desirable for 
exposure to be performed in an atmosphere where the oxygen concentration has been 
suppressed to less 600 ppm, and more desirable for the oxygen concentration to be less 
than 400 ppm. 

[0044] 
Function 

As the marking sheet of the present invention has a Gurley air permeability regulated by 
JIS P8117 that is 1000 seconds or more, when writing a record using a marking pen for 
whiteboards, permeation of ink components of the marking pen for whiteboards from the 
resin cover layer to the paper base material is prevented and through volatization of the 
water and organic solvents in the ink components from the base material surface, writing of 
records can be performed. Also, as the amount of silicone included in the silicone resin 
base in the resin composition that makes up the resin cover layer formed by radiation 
hardened resin and radiation hardened silicone resin compounds is 0.5-10 weight%, 
exfoliation characteristics for the writing surface are obtained; therefore, by brushing and 
wiping from the writing surface using a dry cloth or soft paper, writing of what has been 
recorded using a marking pen for whiteboards can be completely erased. Also, as the 
carbon - carbon unsaturated bonds included in the radiation hardened resin and the 
carbon - carbon unsaturated bonds included in the radiation hardened silicone resin cross 
link three dimensionally forming a strong bond, the writing surface becomes scratch 
resistant and separating of the resin cover layer from the paper base material due to 
repeated writing and erasing of records is prevented. Also, as paper that uses natural 
pulp as a primary component of the base material is used, the marking sheet can be used 
similar to general purpose paper and is easily carried around for use. 

[0045] 

Embodiment 

Next, further details are explained using embodiments and comparison examples of the 
present invention; however, the present invention is not limited to the embodiments. 

[0046] 

Embodiment 1 

As paper base material for the marking sheet, commercially available cast-coated paper 
(Mitsubishi Paper Mills manufactured, LK color white, 157 g/m 2 ) was used. Radiation 
hardened resin fTn = y if ^[ARONIKKUSU] M-309" made by Toagosei Co. Ltd) and 
radiation hardened silicone resin ("X-62-7200" made by Shin-Etsu Chemical Co. Ltd) 
compound ratio was changed and kneaded well using a 3 roll roller resulting in a resin 
composition that was coated on the paper base material using a Gravure Coater at 4 g/m 2 . 
The silicone weight% included in this resin composition, from results of thermogravimetric 
analysis after hardening was 0.2%, 0.5%, 3%, 6%, 10%, 12%, and 15% and next the paper 
base material coated with this resin composition was electron ray exposed (product name 
"Curetron" made by NHV Corporation) using 200 kV acceleration voltage in a nitrogen 
atmosphere (Oxygen concentration 200 ppm or less) such that the absorption dosage was 
3 Mrad and the resin composition was hardened resulting in a resin cover layer, and thus 
obtaining a marking sheet. Using a Gurley Densometer for each sample, the air 



permeability specified by J IS P8177 is shown in Table 1 . 



[0047] 

Embodiment 2 

For the paper base material used for the marking sheet, coated paper ("Pearl Deluxe" 
made by Mitsubishi Paper Mills, 165 g/m 2 ) was used. Radiation hardened resin ("T n ^ 
y $ *[ARONIKKUSU] M-350" made by Toagosei Co. Ltd) and radiation hardened silicone 
resin ("X-62-7200" made by Shin-Etsu Chemical Co. Ltd) were kneaded well using a 3 roll 
roller resulting in a resin composition that was coated on the paper base material using a 
Gravure Coater at 6 g/m 2 and the result of the thermogravimetric analysis after hardening 
to determine the weight% of the silicone included in this resin composition was 8%. The 
paper base material coated with this resin composition was electron ray exposed (product 
name "Curetron" made by NHV Corporation) using 200 kV acceleration voltage in a 
nitrogen atmosphere (Oxygen concentration 200 ppm or less) such that the absorption 
dosage would be 3 Mrad, and the resin composition was hardened to provide a resin cover 
layer, and thus a marking sheet with a air permeability of 1000 seconds was obtained. 

[0048] 

Embodiment 3 

As the paper base material used for the marking sheet, cast-coated paper identical to that 
of embodiment 1 was used. Radiation hardened silicone resin ("KNS5300" made by 
Shin-Etsu Chemical Co. Ltd.) with epoxy acrylate (" ]) aK3r$/ - [RIPOXY] UR-90" made by 
Showa Highpolymer Co., Ltd.) and a photoinitiator (2.5 weight% with respect to resin "4 
tf**.T [IRUGAKYUA]" 905 made by Chiba Geigy Co. Ltd.) was added and kneaded 
well using a 3 roll roller, resulting in a resin composition that was coated on a paper base 
material using a Gravure Coater at 6 g/m 2 . The results of the thermogravimetric analysis 
after hardening for the weight% of silicone included in this resin composition was 0.5%. 
The paper base material coated with this resin composition was exposed using two 120 
w/cm high pressure mercury vapor ultraviolet exposure lights to harden the resin cover 
layer, and thus a marking sheet with an air permeability of 1500 seconds was obtained. 

[0049] 

Embodiment 4 

As the paper base material used for the marking sheet, cast-coated paper identical to that 
of embodiment 1 was used. Radiation hardened resin ("Tnn^/^^[ARONIKKUSU] 
M-309" made by Toagosei Co. Ltd) was electron ray exposed (product name "Curetron" 
made by NHV Corporation) using 200 kV acceleration voltage in a nitrogen atmosphere 
(Oxygen concentration 200 ppm or less) after coating at 5 g/m2 using a Gravure Coater on 
the paper base material to harden the radiation hardened resin to form the anchor layer. 
Next, radiation hardened resin ("T n ~ y $ *[ARONIKKUSU] M-360" made by Toagosei 
Co. Ltd) and radiation hardened silicone resin ("X-62-7200" made by Shin-Etsu Chemical 
Co. Ltd) were kneaded well using a 3 roll roller, resulting in a resin composition that was 
coated on the surface of the anchor layer on top of the paper base material using a 
Gravure Coater at 3 g/m 2 . The result of the thermogravimetric analysis after hardening to 
determine the weight% of silicone included in this resin composition was 4%. Next, the 
paper base material coated with this resin composition was electron ray exposed (product 
name "Curetron" made by NHV Corporation) using 200 kV acceleration voltage in a 
nitrogen atmosphere (Oxygen concentration 200 ppm or less) such that the absorption 
dosage would be 3 Mrad, and the resin composition was hardened to form a resin cover 
layer, and thus a marking sheet with an air permeability of 3500 seconds was obtained. 

[0050] 

Embodiment 5 



As the paper base material used for the marking sheet, cast-coated paper identical to that 
of embodiment 1 was used. A resin with 7 weight% hardening agent p-toluenesulfonic 
acid added to an alkyd resin (V y ^ [MERAN] 474 A" made by Hitachi Chemical Co. Ltd.), 
which is a thermal hardening resin was coated on the paper base material at 10 g/m 2 using 
a Gravure Coater, and was then hardened by placing in an air forced oven at 120 °C for 60 
seconds forming an anchor layer. Next, radiation hardened resin ( T p ^ y $ 
[ARONIKKUSU] M-360" made by Toagosei Co. Ltd) and radiation hardened silicone resin 
("X-62-7200" made by Shin-Etsu Chemical Co. Ltd) were kneaded well using a 3 roll roller, 
resulting in a resin composition that was coated onto the surface of the anchor layer on top 
of the paper base material using a Gravure Coater at 3 g/m 2 . The result of the 
thermogravimetric analysis after hardening for the weight% of silicone included in this resin 
composition was 4%. Next, the paper base material coated with this resin composition 
was electron ray exposed (product name "Curetron" made by NHV Corporation) using 200 
kV acceleration voltage in a nitrogen atmosphere (Oxygen concentration 200 ppm or less) 
such that the absorption dosage would be 3 Mrad, and the resin composition was 
hardened to provide a resin cover layer, and thus a marking sheet with an air permeability 
of 3500 seconds was obtained. 

[0051] 

Embodiment 6 

Radiation hardened resin (7n-7^ ^[ARONIKKUSU] M-350" made by Toagosei Co. 
Ltd) and radiation hardened silicone resin ("X-62-7200" made by Shin-Etsu Chemical Co. 
Ltd) were kneaded well using a 3 roll roller and applied to a bi-axially oriented polyethylene 
terephthalate film (thickness of 50 (am made by Diafoil, abbreviated as PET) at 4 g/m 2 using 
a Gravure Coater. This PET film and the water based coating layer surface of the 
cast-coated paper identical to that of embodiment 1 as the paper base material were 
overlaid together and were caused to go between two pressurized rollers, and in addition, 
while in an adhered condition, were electron ray exposed (product name "Curetron" made 
by NHV Corporation) from the PET film side using 200 kV acceleration voltage in a nitrogen 
atmosphere (Oxygen concentration 200 ppm or less) such that the absorption dosage was 
3 Mrad, and after hardening of the resin composition, a marking sheet with a air 
permeability of 3200 seconds was obtained by peeling off the PET film. The result of the 
thermogravimetric analysis after hardening for the weight% of silicone included in this resin 
composition was 7%. 

[0052] 

Embodiment 7 

As the paper base material used for the marking sheet, cast-coated paper identical to that 
of embodiment 1 was used. Radiation hardened resin 1?Tn~y$ [ARONIKKUSU] 
M-309" made by Toagosei Co. Ltd) was electron ray exposed (product name "Curetron" 
made by NHV Corporation) using 200 kV acceleration voltage in a nitrogen atmosphere 
(Oxygen concentration 200 ppm or less) after coating onto this paper base material at 5 
g/m2 using a Gravure Coater in order to harden the resin composition to form the anchor 
layer. On the other hand, radiation hardened resin ("7n-^^ [ARONIKKUSU] 
M-360" made by Toagosei Co. Ltd) and radiation hardened silicone resin ("X-62-7200" 
made by Shin-Etsu Chemical Co. Ltd) were kneaded well using a 3 roll roller resulting in a 
resin composition that was applied to a PET film at 3 g/m 2 using a Gravure Coater, and the 
PET film with resin composition applied onto the surface and the anchor layer surface of 
paper base material with an anchor layer formed were overlaid together and caused to go 
between 2 pressurized rollers, and in addition, while in an adhered condition, were electron 
ray exposed (product name "Curetron" made by NHV Corporation) from the PET film side 
using 200 kV acceleration voltage in a nitrogen atmosphere (Oxygen concentration 200 
ppm or less) such that the absorption dosage was 3 Mrad, and after hardening of the resin 
composition, a marking sheet with an air permeability of 3200 seconds was obtained by 
peeling off the PET film. The result of the thermogravimetric analysis after hardening for 



the weight% of silicone included in this resin composition was 7%. 



[0053] 

Comparison Example 1 

As the paper base material used for the marking sheet, cast-coated paper identical to that 
of embodiment 1 was used and radiation hardened resin (7p- y ^ ^[ARONIKKUSU] 
M-309" made by Toagosei Co. Ltd) was applied on top of this paper base material at 4 g/m 2 
using a Gravure Coater. Next, the paper base material coated with this resin composition 
was electron ray exposed (product name "Curetron" made by NHV Corporation) using 2 kV 
acceleration voltage in a nitrogen atmosphere (Oxygen concentration 200 ppm or less) 
such that the absorption dosage was 3 Mrad and the resin composition was hardened to 
form a resin cover layer, and thus a marking sheet with an air permeability of 3000 seconds 
was obtained. 

[0054] 

Comparison Example 2 

For the paper base material used for the marking sheet, coated paper ("Diamond White 
Coat S" made by Mitsubishi Paper Mills, 165 g/m 2 ) was used. Radiation hardened resin (" 
7 n n y # ^[ARONIKKUSU] M-350" made by Toagosei Co. Ltd) and radiation hardened 
silicone resin ("X-62-7200" made by Shin-Etsu Chemical Co. Ltd) were kneaded well using 
a 3 roll roller resulting in a resin composition that was coated on the paper base material at 
4 g/m 2 using a Gravure Coater. The result of the thermogravimetric analysis after 
hardening for the weight% of silicone included in this resin composition was 8%. The 
paper base material coated with this resin composition was electron ray exposed (product 
name "Curetron" made by NHV Corporation) using 200 kV acceleration voltage in a 
nitrogen atmosphere (Oxygen concentration 200 ppm or less) such that the absorption 
dosage was 3 Mrad and the resin composition was hardened to form a resin cover layer, 
and thus a marking sheet with an air permeability of 800 seconds was obtained. 

[0055] 

Comparison Example 3 

Similar to embodiment 6 except that a high quality paper (cover paper made by Mitsubishi 
Paper Mills, 150 g/m 2 ) was used as the paper base material for the marking sheet, a 
marking sheet with an air permeability regulated by JIS P81 17 of 100 seconds when using 
a Gurley Densometer was obtained. The result of the thermogravimetric analysis after 
hardening for the weight% of silicone included in this resin composition of this marking 
sheet was 7%. 

[0056] 

Comparison Example 4 

Coated paper ("Pearl Deluxe" Mitsubishi Paper Mills, 165 g/m 2 ) was used as the paper 
base material for the marking sheet, and after performing corona processing on the water 
based coated surface, a marking sheet was obtained by lamination, by melting and 
pressing a 15 jim thick sheet of polypropylene resin. 

[0057] 

The following tests were performed for embodiments 1 ~ 7 and comparison examples 1 - 4. 
The results are shown in Table 1 . The test method is as follows. 

[0058] 

Test 1 [Write ability] 

Using a marking pen for white boards, a pattern was written on the writing surface of the 
obtained marking sheet and let sit for 10 minutes, and "excellent" was recorded if the 
shape of the pattern written was retained and could be read perfectly, and "normal" was 
recorded if the ink was not repelled, and if the pattern written was not retained by 



permeating or soaking into the resin cover layer that is the writing surface. 
[0059] 

Test 2 [Write - erase ability] 

Writing of records using a marking pen for white boards on the writing surface of the 
marking sheet was performed and then the writing was erased using a commercially 
available white board eraser. This operation was performed repeatedly and for tests 
where writing could be perfectly erased for 300 or more repetitions, writing - erase ability 
was considered excellent, 50 ~ 300 repetitions were considered normal, and less than 50 
repetitions was considered a fail. 

[0060] 

Test 3 [Non-fixation ability] 

Writing of records using a marking pen for white boards on the writing surface of the 
marking sheet was performed and then the writing was erased 1 week later using a 
commercially available white board eraser. Excellent non-fixation performance was 
recorded if the writing was completely erased, "normal" was recorded if slight traces 
remained that unless wiped using force could not be erased, and if 10% or more of the 
writing could not be erased, a "fail" was recorded. 



[0061] 
[Table 1] 



Embodiment or 


Silicone 


Gurley Air 


Write ability 


Write - 


Non-fixation 


comparison 
example 


weight% 


permeability 




erase ability 


ability 


Embodiment 1 


0.2 


3000 


Excellent 


Normal 


Excellent 




0.5 


3100 


Excellent 


Excellent 


Excellent 




3 


3300 


Excellent 


Excellent 


Excellent 




6 


3000 


Excellent 


Excellent 


Excellent 




10 


3600 


Excellent 


Excellent 


Excellent 




12 


3200 


Normal 


Excellent 


Excellent 




15 


3400 


Normal 


Normal 


Excellent 


Embodiment 2 


8 


1000 


Excellent 


Excellent 


Excellent 


Embodiment 3 


0.5 


1500 


Excellent 


Excellent 


Excellent 


Embodiment 4 


4 


3500 


Excellent 


Excellent 


Excellent 


Embodiment 5 


4 


3200 


Excellent 


Excellent 


Excellent 


Embodiment 6 


7 


3200 


Excellent 


Excellent 


Excellent 


Embodiment 7 


7 


3200 


Excellent 


Excellent 


Excellent 


Comp Ex. 1 


0 


3000 


Excellent 


Fail 


Fail 


Comp Ex. 2 


8 


800 


Excellent 


Normal 


Normal 


Comp Ex. 3 


7 


100 


Excellent 


Fail 


Fail 


Comp Ex. 4 


0 




Excellent 


Excellent 


Fail 



[0062] 
Evaluation 

The marking sheets created for the embodiments had good write ability of records using a 
marking pen for whiteboards and with the resin composition that forms the resin cover layer 
that is the writing surface, the writing operation was smooth without damaging the writing 
surface or repelling of ink, and for erasing as well, with the working of the silicone resin 
included in the resin composition, even if time elapses after writing, complete erasure 
without leaving a trace was feasible and repeated writing and erasing could be performed 
without separating of the resin cover layer that accompanies brushing with a whiteboard 
eraser. 



[0063] 

Effects of the Invention 

As is made clear in the evaluation of the present invention, the marking sheet of the 
present invention has exceptional repeated write - erase ability and write ability using a 
marking pen for whiteboards, and in addition, as a paper base material is used, portability 
similar to normal paper is obtained, thus providing high practical value. 
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